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From a 60 building study performed by Lawrence Berkeley National Laboratories



Sources of Control System Problems

Human Factor, 21%

Software, 35%

Hardware, 32%

Unspecified 12%

From a 60 building study performed by Lawrence Berkeley National Laboratories



Types of Control Systems

Distributed Control 
Systems

Cost
Performance

PLC/SCADA 
Systems

BAS/Commercial 
Systems



Types of Control Systems 
Which are used in Semiconductor Facilities?

Commercial Controls

PLC/ SCADA Controls



Control System Vendors

General 
Electric

Allen 
Bradley

Schneider/ 
Invensys Siemens Honeywell

BAS * * *
PLC * * * * *

SCADA * * * *
DCS * * *



Control System
Elements

Devices
• Inputs
• Outputs

Controllers & I/O Modules
• PLC = Programmable Logic Controller (Industrial)
• DDC = Direct Digital Controller (Commercial)

Networks
• Controllers to I/O or lower level controllers
• Supervisory system to Controllers 

Supervisory Systems
• SCADA = Supervisory Control and Data Acquisition (Industrial)
• BAS = Building Automation System (Commercial)
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Devices
Input

Temperature Sensor
- Johnson Controls

Liquid Pressure Sensor 
- Dwyer DSGT

Temperature Sensor - Minco Eurostyle

Liquid Pressure 
Sensor - Rosemount 

3051

~ 100 USD

~ 500 USD ~ 2000 USD

~ 500 USD

Commercial Industrial



Devices
Output 

Electric Damper Actuator
- Belimo AFA24-SR US 

Pneumatic Damper 
Actuator - HyTork XL

Electric Control Valve  
- Johnson Controls 

VG 700

Pneumatic Control Valve 
– Fisher Baumann

~ 1500 USD

~ 1500 USD

~ 300 USD

~ 300 USD

Commercial Industrial



Devices
Industrial

More rugged
More accurate
More repeatable
Less drift
Easier maintenance/calibration
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Controllers

Small PLC
Allen Bradley Compact 

Logix

Large PLC 
Modicon Quantum

Small DDC 
Siemens MEC 

Large DDC 
Johnson 

Metasys NCE

Commercial Industrial



Controllers 
Industrial

More rugged
More memory
Faster scan
Richer instruction set
Higher resolution I/O Modules
Possible redundancy options
Higher MTBF, lower MTTR

[MTBF = Mean Time Between Failure, MTTR = Mean Time To Repair]

Availability =
MTBF

MTBF + MTTR



Controllers Scan Rate

Read 
Inputs

Solve 
Logic

Write 
Outputs

Time required for one cycle

PLC = Milliseconds DDC = Seconds



Controllers 
Industrial - Redundant Processors



Controllers 
Industrial - Redundant Power Supplies



Controllers 
Commercial System Programming



Controllers 
Industrial - Function Block Programming - Interior



Controllers 
Industrial - Function Block Programming - Exterior



Controllers
Where is programming power required? 

Simple Air Handler - NO!



Controllers
Where is programming power required?

Complex Air Handler - YES!



Control System
Elements
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Profibus

Foundation Fieldbus

ControlNet

Modbus

DeviceNet

Networks

Industrial Commercial

BACnet

LonWorks



Networks 
Industrial 

Higher performance
Higher reliability / availability
Better environmental tolerance
Can be deterministic
Redundancy options
Better diagnostics 
Easier maintenance



Networks
Industrial Redundant Network Cables



Control System
Elements
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Supervisory Systems
Commercial - BAS Representation



Supervisory Systems
Industrial - SCADA Representation



Supervisory Systems
Industrial – SCADA

Faster updates
Faster data logging
Multiple clients
Better connectivity
Redundancy options



Supervisory Systems
Industrial - SCADA Trending

SQL Database
• Accepts High Speed 

Data
• Compatible with 

redundant historical 
servers

• Security and audit trail 
for government 
regulations 



Supervisory Systems
Industrial - Redundant SCADA Servers



Things you can do with Industrial Controls 
Emergency Power Restart



Things you can do with Industrial Controls 
Energy Savings

How many pumps should run?



Things you can do with Industrial Controls 
Energy Savings

3 pumps @ 59% speed = 378 KW            2 pumps @ 93% speed = 420 KW

Easy to do in PLC Not so easy in a DDC



Chiller Plant Optimization



More things you can do with Industrial Controls

Redundancy vs. Passive automation
Fast PID loops (e.g. pressure control)
Site wide temperature/humidity control
OPC Link with other systems



Things you can do with Commercial Controls

Use pre-programmed HVAC sequences
Scheduling capability

(night setback, holidays…)
Link with lighting, security systems
Purchase a service contract



Consequences of Cooling System Failure

From White Paper - “Continuous Cooling is Required for Continuous Availability” - Uptime Institute

25º F in 10 minutes 
@40 W/sq-ft



Summary
Where to use Industrial Controls: High Tech Cleanrooms



Summary Where to use Industrial Controls 
High Density Data Centers



Summary Where to use Commercial Controls 
High School Cafeterias

image: Wikimedia Commons



Appendix – Other Examples of PLC controlled Data Centers 



Appendix – PCW - P&ID - sample



Appendix – PCW - Sequence of Operation - sample

Process Cooling Water System Pressure Control: 
Two differential pressure transmitters (PDIT‐201‐00‐30 and PDIT‐201‐00‐31) monitor 
the pressure between the supply and return lines in the distribution. The signal(s) 
from operator selected transmitters are averaged and the calculated value is used as 
the input to a PID loop controlling all the operating pumps. The output of the loop 
pressure controller regulates the speed of the pumps through speed‐indicating 
controllers that vary the output frequency of each operating pump’s VFD and 
sequences the pumps as described above.

If a sensor fails as indicated by loss of signal (below 4ma) an alarm is generated and 
the sensor is removed from the loop calculation. The signal select block also alarms if 
the delta between signals exceeds a threshold value. If that occurs, an alarm is 
generated and the signal furthest from loop setpoint is removed from the calculation. 
If there are no valid sensor signals the PID loop is placed in manual mode and held at 
its last value.



Appendix – PCW - SCADA Screen



Appendix – PCW - Instrument Submittals - example


